Abstract
INTRODUCTION
Bisphenol A (BPA) is a chemical compound, commonly used to manufacture plastic polycarbonate materials, such as food containners, epoxy resin seals, PET bottles, water pipes, medical equipment and dental sealants, due to advantageous mechanical properties such as impact resistance, hardness, resistance to most oils and acids, resistance to wide temperature ranges, between -40 to 145 degrees [1] . Because of these properties, BPA is frequently used in quite large quantities in polycarbonate plastics, which are a source of BPA long-term exposure, from both food and non-food sources. The consumption of still and mineral water packed in PET bottles is the main source of exposure to this compound, the second one being canned foods due to epoxy resin seals and coatings [2] . In recent years, more and more studies have been conducted on cell cultures and experimental animals to investigate the effects of this compound [7] . Biomonitoring studies have been performed by BPA levels detecting in certain body fluids and tissues such as serum, blood, plasma, amniotic fluid, placental tissue, breast milk, follicular fluid, semen and urine. The BPA biomonitoring studies in humans led to associations between BPA exposure and several diseases, such as diabetes, cardiovascular diseases, hypertension, hepatic and metabolic disorders, and effects on the reproductive system due to the estrogenic structure of this compound [3] [4] . Studies have also linked BPA exposure with certain chromosomal aberrations, like aneuploidy (through interruption of the meiotic process) [5] , structural genomic aberrations (DNA damage). At neuronal level, this compound has stimulated the occurrence of synaptic defects (end-to-end or asinapsia chromosome associations) [6] . The aim of this study is represented by the comparative analysis of BPA levels in still and sparkling mineral water samples for periods of 1 to 12 months after bottling, and determination of the toxicity of this compound in the Caco-2 clone cell line which is an enterocyte phenotype.
MATERIALS AND METHODS

Materials and reagents
For analysis, Bisphenol A (99% minimum purity), Nitric acid (65%) and Potassium hydroxide were purchased from Sigma Aldrich, Germany. For cytotoxicity assay, all cell culture reagents, such as MEM (Minimum essential medium Eagle) and Phosphate buffered saline (PBS) were bought from Life Technologies, California while the trypsin stock solution was purchased from Sigma Aldrich, Germany. C2BBe1 [clone of Caco-2] cell line was purchased from ATCC. Cell were cultured in humidified air with 5% CO 2 at 37°C and supplemented with 20% fetal serum (MEM medium) containing 2 mM L-glutamine, 1.5 g / L sodium bicarbonate, 0.1 mM non-essential amino acids, 1 mM sodium pyruvate and 1% mixture of antibiotics (penicillin, streptomycin, amphotericin).
Equipment
The Jasco V550 UV-VIS Spectrophotometer equipped with a monochromatic dual-beam optical system was used to assess the BPA levels from the water samples. The light sources used are the deuterium lamp (190-350 nm) and the halogen lamp (330-900 nm), and the detector is a R928 photomultiplier.
BPA assessment
Commercial still and mineral water samples were purchased and stored under recommended temperature and light conditions for up to 12 months from bottling, and then were analysed at different storage time. The 10 ml water samples were treated with 0.5 ml 65% nitric acid, then subjected to boiling temperature (30 min), then, after cooling, treated with 1 ml 50% potassium hydroxide. After reaching neutral pH, the extract absorbance was read at 330 nm wavelength at the UV-Vis spectrophotometer. All samples were analyzed in triplicate.
In vitro experimental design and viability assay Caco-2 cells were seeded in a 6-well plate at 2.5×10 4 cells / well and treated with BPA at 1 mM, 0.5 mM, 0.3 mM, 0.2 mM and 0.1 mM and 0 (control) for 24 hours, under 5% CO 2 at 37 °C. After this period, the cells were photographed, then washed twice with 1 ml of PBS / well, before adding 300 μL MTT yellow dye and incubating at 37 ° C for 2 hours under 5% CO 2 . Following this incubation, 300 μL isopropanol / well was added to solubilize the blue formazan crystals derived from the MTT yellow dye by mitochondrial enzymes and the sample absorbance was read at a wavelength of 595 nm.
Calibration
For the detection and quantification of BPA levels leaked from polyethylene terephthalate packaging in the still and carbonated mineral water samples using the UV-VIS spectrophotometric method, we used a 9-point standard curve with concentrations ranging from 0.01 to 0.09 to extrapolate the water samples BPA extracts ( Figure 1 ). 
RESULTS AND DISCUSSIONS
The results presented in Figure 2 show the relationship of direct proportionality between BPA levels in the sparkling mineral water samples and the storage time, for two different manufacturers. The concentrations obtained by the triplicate analysis varied between 0.09-0.92 mg/L for producer I and 0.03-0.73 mg/L for producer II. Compared to the 0.6 mg/L limit of bisphenol A, imposed by Regulation 10/2011, the limit of BPA for 10-12 months after bottling is exceeded for manufacturer I. The same applies to manufacturer II, where the limit of 0.6 mg/L is exceeded 11 and 12 months after bottling. According to the data presented in the figure 3, the BPA levels in the still mineral water samples also increase with storage period.
However, unlike samples of carbonated water, the levels found did not exceed the specific legislation limit imposed by regulation 10/2011, of 0.6 mg/L. 
Evaluation of morphological changes of Caco-2 cells following treatment with different concentrations of BPA.
According to micrograph analysis, an early apoptosis occurs following BPA treatment, manifested by profound cell surface changes such as plasma membrane dilation and blebbing leading to cell rounding. It has also been revealed that BPA treatment is an apoptotic treatment showed by the decrease of cell adhesion to the substrate, resulting in cell clumps free-floating in the culture medium (0.5 and 1 mM doses, figure 4 ). Cell detachment from the substrate increased in direct relation with the BPA dose, beginning with doses over 0.2 mM. The cells became contracted at doses over 0.3 mM, however the membrane integrity was not compromised, as detached cells had a refractory appearance (Figure 4) . Very similar reports were obtained on Sertoli cells exposed to BPA. In a study by Hiroshi et al., transferrin secretion was decreased by 80% by exposure to 0.2 mM BPA. This was also corroborated with changes in the actin cytoskeleton which induced cell rounding, membrane blebs, cytoskeletal collapse, and chromatin condensation, all consistent with morphologic criteria for apoptosis [8] . 
Evaluation of cell viability and proliferation
To determine the cytotoxicity of this compound, the MTT test was used. In figure 5 , the toxic effect of BPA ranging from 0.1 to 1 mM applied to the cells over a 24-hour period is shown. It is apparent the direct relationship between the decrease in cell viability with increasing BPA dosage ( Figure 6 ). Thus, after 24 hours of BPA exposure, cell viability is 3.8% for 1 mM concentrations, 18% for 0.5 mM concentrations, 25% for concentrations of 0.3 mM, 54% for concentrations of 0.2 mM and 78% for 0.1 mM concentrations ( Figure 5 ). Our cell viability data appears to be similar with those reported on Sertoli cells exposed to 0.2 mM BPA for 48h which reported a viability decrease of 41.7% compared to control [8] .
CONCLUSIONS
BPA concentrations increase as the shelf life increases, being also influenced by the CO 2 content of carbonated water. According to Regulation (EU) No.10 / 2011, the upper limit of 0.6 mg/L BPA concentration imposed by the legislation in force for the carbonated mineral water samples analyzed, for the last months of the shelf-life. For the still mineral water samples, BPA concentrations did not exceed the legislation limits for the same period. The BPA levels found in bottled mineral water may pose a potential risk to the health of consumers, and a wider monitoring of this compound in beverages packaged in polyethylene terephthalate containers is necessary. Another solution would be to reduce the shelf life to less than 10 months.
In conclusion, the present study demonstrates that BPA at >200 mM exhibits cytotoxic effects in cultured Caco-2 cells probably via apoptosis mechanisms, while lower concentrations might have only slight toxic effects on the cells. We have not established that BPA concentration less than 0.1 mM are without toxicity since a short exposure period of 24 h is too short to conclude the severity of lower doses over extended periods of time. BPA contamination of foods and drinks via packaging is a very important issue that needs to be acted upon as soon as possible, as the upper limit imposed by current legislation of 0.6 mg/L (~ 0.26 mM) is shown to have acute negative effects after only 24 h of exposure.
